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GHFLVLYH IDFWRUV GXULQJ RSHQGLH IRUJLQJ RSHUDWLRQ ([FHVVLYH IULFWLRQ DW WKH GLHZRUN SLHFH LQWHUIDFH JHQHUDOO\
WHUPHGDVLQWHUIDFLDOIULFWLRQLVSDUWLFXODUO\GHWULPHQWDOGXHWRWKHIDFWWKDWH[FHVVLYHIULFWLRQZLOOUHGXFHWKHWRROGLH
OLIHSURFHVVHQHUJ\UHTXLUHPHQWZLOOEHPRUHDQGRYHUDOOSURGXFWTXDOLW\ZLOOEHLPSDLUHG>/RYHOO05'HQJ=
@
,QKHUHQWPDWHULDOSURSHUW\ZLOODOVRGHFLGHWKHVWDWHRILQWHUIDFLDOIULFWLRQ6HOIOXEULFDWLQJVPDUWPDWHULDOVDUHLQ
WKHXSIURQWRIPDWHULDOVGHYHORSPHQWDQGUHVHDUFKDUHDLQWRGD\¶VPDWHULDOVVFLHQFHDQGHQJLQHHULQJILHOG/DVWEXW
QRW WKH OHDVWVKDSHDQGVL]HDOVRSOD\DFUXFLDO UROH LQ WKHXSVHWWLQJSURFHVV0DQLVHNDU.DQG1DUD\DQDVDP\5
0DOD\DSSDQHWDO&HWLQDUVODQ&6%DVNDUDQHWDODQGPDQ\PRUHUHVHDUFKHUVKDYH
DGYRFDWHG WKDW WKHDVSHFW UDWLRSOD\VDQ LPSRUWDQW UROH LQ WKH ILQDO IRUPDVZHOO DV IULFWLRQFRQGLWLRQ+HQFH LW LV
DOZD\V GHVLUDEOH WR GHVLJQ WKH SUHIRUP LQ D V\VWHPDWLF PDQQHU IRU WKH SURGXFWLRQ RI KLJK TXDOLW\ SDUWV DW D
FRPSHWLWLYHSULFH+DQJR$KDGGHPRQVWUDWHGWKHUROHRISRURVLW\DVZHOODVDVSHFWUDWLRRQWKHFRPSUHVVLYH
EHKDYLRURIFRQFUHWH0DOD\DSSDQHWDODOVRVWDWHGWKHFRPSUHVVLRQEHKDYLRURIDQQHDOHGDOXPLQLXPXQGHU
OXEULFDWLRQZKHQWKHF\OLQGULFDOVSHFLPHQVZHUHFRQVWUDLQHGDWERWKWKHHQGV
,W LVQHHGOHVVWRPHQWLRQWKDW WKHEDVLFSUHPLVHRIWKHRU\RIIULFWLRQUHYHDOVWKDWDSSDUHQWO\VPRRWKVXUIDFHVDUH
QRWUHDOO\VPRRWK7KHDVSHULWLHVUHSUHVHQWLQJWKHURXJKQHVVRIWKHVXUIDFHH[LVWLQWKHVXUIDFHVRIWKHPHWDOV>6DKLQ
0HWDO@7KHURXJKQHVVDJDLQZLOOJXLGHWKHLQWHUIDFLDOIULFWLRQFRQGLWLRQVGXULQJXSVHWWLQJ,QWKHSUHVHQW
VWXG\ WKH VXUIDFH URXJKQHVVSDUDPHWHUKDVQRWEHHQFRQVLGHUHG7KHPDLQ IRFXV LQ WKHSUHVHQW VWXG\ LV WKHDVSHFW
UDWLR WKDW LV WKH UDWLR RI KHLJKW WR GLDPHWHU RI F\OLQGULFDO VSHFLPHQ RQ XSVHWWLQJ :HURĔVNL HW DO  KDG
GHPRQVWUDWHG WKH UROH RI DVSHFW UDWLR GXULQJ IRUJLQJ RI HFFHQWULF SDUW RQ WKUHH VOLGH IRUJLQJ SUHVV $V SHU WKHLU
UHVHDUFKZRUNLWKDGEHHQUHYHDOHGWKDWSURSHUIRUJLQJFRXOGEHDFKLHYHGIRUDQDVSHFWUDWLROHVVWKDQRUHTXDOWRµ¶
,IWKHYDOXHH[FHHGVµ¶WKHQEXFNOLQJRFFXUVIROORZHGE\XSVHWWLQJ7KLVXOWLPDWHO\OHGWRWKHUHMHFWLRQRIWKHIRUJHG
FRPSRQHQW
0DQLVHNDU HW DO  FRQGXFWHG XSVHWWLQJ RSHUDWLRQ RI VTXDUH DQG UHFWDQJXODU ELOOHWV RI GLIIHUHQW VLGH UDWLRV
OLNH    +DOGLJXQGL 7.  FRQGXFWHG FRPSUHVVLRQ WHVW RI DOXPLQLXP F\OLQGULFDO VSHFLPHQ ZLWK
DVSHFWUDWLRRIDWGLIIHUHQWOHYHORIKLJKWHPSHUDWXUHVWRXQGHUVWDQGWKHVWUDLQUDWHEHKDYLRU6DKX.HWDO
H[SHULPHQWDOO\LQYHVWLJDWHGWKHHIIHFWRIDVSHFWUDWLRRQWKHEDUUHOLQJ7KH\VHOHFWHGWKUHHDVSHFWUDWLRVRIDQG
 1DUD\DQDQ HW DO  FRQGXFWHG H[SHULPHQWDO VWXGLHV WR XQGHUVWDQG WKH IULFWLRQ LQ VLPSOH XSVHWWLQJ RI
F\OLQGULFDOVSHFLPHQXQGHUGLIIHUHQWFRQGLWLRQVRIOXEULFDWLRQDQGDOVRWRSUHGLFWWKHKDUGQHVVGLVWULEXWLRQ+RZHYHU
WKH\KDG QRWPHQWLRQHG DERXW WKH DVSHFW UDWLRRI WKH VSHFLPHQ ,W UHYHDOV WKDW WKH DVSHFW UDWLRZDV QRW WKHPDMRU
FRQVLGHUDWLRQLQWKHLUVWXGLHV7KHUHDUHPDQ\UHVHDUFKHVRQWKHXSVHWWLQJRIF\OLQGULFDOVSHFLPHQZLWKRUZLWKRXW
OXEULFDQWV7KHPDMRUFRQVLGHUDWLRQZDVRQDVSHFW UDWLR+RZHYHUQR V\VWHPDWLFFRQVLGHUDWLRQRIDVSHFW UDWLRKDV
EHHQREVHUYHG ,Q WKHSUHVHQWZRUN WKHDVSHFW UDWLRVDUHFRQVLGHUHG LQD V\VWHPDWLFPDQQHU)LYHGLIIHUHQWDVSHFW
UDWLRVKDYHEHHQFRQVLGHUHGOLNHDQG
%DUUHOLQJ RU SDQFDNLQJ LV DQ XQGHVLUDEOH SKHQRPHQRQ LQ IRUJLQJ 7KLV LV PRUH SURPLQHQW GXULQJ XSVHWWLQJ
RSHUDWLRQ.DOSDNMLDQHWDO'H*DUPRHWDO'LHWHUDQGPDQ\PRUHKDGH[SODLQHG FOHDUO\WKH
UHDVRQEHKLQG WKHRFFXUUHQFHRIVXFKXQGHVLUDEOHSKHQRPHQRQ 'XULQJFRPSUHVVLRQRIVROLGF\OLQGULFDO RURWKHU
JHRPHWULFDOVKDSHVVSHFLPHQLQEHWZHHQD[LV\PHWULFDOO\SODFHGIODWSODWHQVWKHPHWDOGLUHFWO\XQGHUWKHFRQWDFWRI
WKHSODWHQVXUIDFHVDUHUHVWULFWHGWRIORZRXWVLGHZKLOHWKHPHWDODZD\IURPWKHSODWHQVXUIDFHVDUHIUHHWRIORZLQDQ
RXWZDUGGLUHFWLRQ0HWDOIORZVHDVLO\LQWKHPLGSRUWLRQZKHUHUHVLVWDQFHLVOHVVDQGIORZRIPHWDOLQWKHFHQWUHLV
PD[LPXP7KLV LVDZHOO NQRZQSULQFLSOH LQSODVWLFGHIRUPDWLRQ7KLV OHDGV WR WKHEXOJLQJRUEDUUHOLQJ(IIHFWRI
EDUUHOLQJLVUHGXFHGSDUWLDOO\ZLWKWKHDSSOLFDWLRQRISURSHUOXEULFDQW,QWKHSUHVHQWZRUNWKHFRPSUHVVLRQWHVWVKDYH
EHHQFDUULHGRXWLQGU\FRQGLWLRQ
7KHUHDUHYDULRXVUHVHDUFKSDSHUVZKHUHWKHFXUYDWXUHRIWKHEDUUHOHGVXUIDFHKDVEHHQDSSUR[LPDWHGE\VHYHUDO
IRUPXODH,QWKHSUHVHQWH[SHULPHQWDOLQYHVWLJDWLRQWKHEDUUHOHGSURILOHKDVEHHQFRQVLGHUHGWREHDFLUFXODUDUFDV
SHU WKH VWXGLHV RI %DQHUMHH  DQG (WWRXQH\ HW DO  %DVHG RQ WKLV EDVLF SUHPLVH DQG FRQVLGHULQJ
3\WKDJRUHDQWKHRUHPWKHUDGLXVRIFXUYDWXUHRIWKHEDUUHOHGVXUIDFHLVJLYHQE\WKHIROORZLQJIRUPXOD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,QWKHSUHVHQWH[SHULPHQWDOZRUNDWWHPSWKDVEHHQPDGHWRVWXG\WKHHIIHFWRIGLIIHUHQWDVSHFWUDWLRRIF\OLQGULFDO
ELOOHW RI FRPPHUFLDOO\ SXUH DOXPLQLXP XQGHU GU\ DQG URRP WHPSHUDWXUH FRQGLWLRQV &RPPHQW KDV EHHQ PDGH
DFFRUGLQJO\EDVHGRQWKHH[SHULPHQWDOUHVXOWV
1RPHQFODWXUH
GR LQLWLDOGLDPHWHURIWKHZRUNVSHFLPHQPP P DVSHFWUDWLRUDWLRRILQLWLDOKHLJKW
WRLQLWLDOGLDPHWHU
G PLQRUGLDPHWHURIWKHF\OLQGHUDWLQWHUIDFHHTXDWRUGLDPP H XSVHWWLQJUDWLR
GE EXOJHGLDPHWHUDWWKHPLGGOHDSSUR[LPDWHO\PP U UDGLXVRIEDUUHOOHGVXUIDFHPP
G ERWWRPFRQWDFWGLDPHWHUPP
KR LQLWLDOKHLJKWRIWKHZRUNVSHFLPHQPP
K KHLJKWRIWKHXSVHWF\OLQGHUPP
 ([SHULPHQWDOSURFHGXUH
&\OLQGULFDOVSHFLPHQVRIGLDPHWHUPP ZLWKYDU\LQJDVSHFW UDWLRV P KRGR OLNHDQG
KDYHEHHQSUHSDUHGIURPFRPPHUFLDOO\SXUHDOXPLQLXPELOOHW7KHSXULW\RIWKHXVHGDOXPLQLXPLVPRUHWKDQ
7KHGHVLUHGGLPHQVLRQVKDYHEHHQREWDLQHGE\PDFKLQLQJDQGWKHVSHFLPHQVKDYHEHHQSROLVKHGZLWKDILQHHPHU\
SDSHU 7KH VXUIDFH URXJKQHVV KDV LQIOXHQFH RQ XSVHWWLQJ 6DKLQ HW DO  +RZHYHU WKH VXUIDFH URXJKQHVV
SDUDPHWHU KDV QRW EHHQ FRQVLGHUHG LQ WKHSUHVHQW H[SHULPHQWDOZRUN+HQFH WKH VXUIDFH URXJKQHVV YDOXHVRI WKH
VSHFLPHQKDYHQRWEHHQPHDVXUHG)ROORZLQJDUHWKHGLPHQVLRQVRIVROLGF\OLQGULFDOVSHFLPHQV
GR îKR  P 
GR îKR  P 
GR îKR  P 
GR îKR  P 
GR îKR  P 
)LYHVDPSOHVLQHDFKFDWHJRU\KDYH EHHQSUHSDUHGIRUFRPSUHVVLRQWHVWXQGHUIL[HGORDGRI7777DQG
7 UHVSHFWLYHO\ 7KH REMHFWLYH LV WR UHFRUG WKH KHLJKW UHGXFWLRQ XQGHU WKH IL[HG ORDG DVPHQWLRQHG IRU IXUWKHU
QHFHVVDU\ DQDO\VLV 2QH VSHFLPHQ KDV QRW EHHQ FRPSUHVVHG VXFFHVVLYHO\ XQGHU GLIIHUHQW ORDG GXH WR WKH
GHYHORSPHQWRIVWUDLQKDUGHQLQJ)UHVKVDPSOHKDVEHHQXWLOL]HGHYHU\WLPHZLWKSURSHUFOHDQLQJZLWKDFHWRQH7KH
GLHKDOYHVDUHDOVRFOHDQHGZLWKDFHWRQH
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 ([SHULPHQWDOVHWXS
&ROG XSVHWWLQJ RI WKH VSHFLPHQ KDYH EHHQ FRQGXFWHG LQ D K\GUDXOLF SUHVV RI 7 FDSDFLWLHV /DZUHQFH DQG
0D\R VO QR  (DFK VDPSOH KDV EHHQ SODFHG EHWZHHQ WZR IODW SODWHQV WKDW LV WKH XSSHU DQG ORZHU GLHV
UHVSHFWLYHO\0XFK FDUH KDV EHHQ WDNHQ WR SODFH WKH VSHFLPHQ FRQFHQWULFDOO\ ZLWK WKH D[LV RI WKH SODWHQV RU WKH
XSVHWWLQJ ZRXOG QRW EH SURSHU /RDG KDV EHHQ FRQWUROOHG WKURXJK WKH GLDO LQGLFDWRU RI WKH PDFKLQH $IWHU HDFK
LQFUHPHQWDO ORDG LQ VWHSVRI7 WKH VSHFLPHQKDVEHHQ UHPRYHG IURP WKHPDFKLQHDQG WKHGLDPHWHUVDWGLIIHUHQW
]RQH DQGKHLJKWKDYHEHHQPHDVXUHGXVLQJDGLJLWDOFDOLSHU'LJLPDWLF0LWXWR\RVOQR&1
 5HVXOWVDQGGLVFXVVLRQ
'XULQJXSVHWWLQJRIF\OLQGULFDOELOOHWVEHWZHHQWZRIODWSODWHQVWKHIUHHVXUIDFHH[WHQGVLQDQRXWZDUGGLUHFWLRQ
ZKHUHDV WKH VXUIDFHV DW WKH GLH LQWHUIDFHV H[SHULHQFH PD[LPXP LQZDUG IULFWLRQ 'XH WR WKH UHVXOWDQW HIIHFW D
SKHQRPHQRQ EDUUHOLQJRUSDQFDNLQJGHYHORSV7KHPD[LPXPODWHUDOVSUHDGRIWKHEDUUHOHGVXUIDFHRFFXUVLQ WKH
PLGKHLJKWRIWKHVSHFLPHQDVWKHPHWDOLVDEVROXWHO\ IUHHWRIORZLQWKLV]RQH%XWWKHPHWDODWWKHWRSDQGERWWRP
VXUIDFHVDUHFRQVWUDLQHGWRIORZGXHWRWKHQHWIULFWLRQDOGUDJGXHWRWKHLQWHUDFWLRQZLWKWKHGLHV)URPWKHODZRI
YROXPH FRQVWDQF\ WKH KHLJKW RI WKH ILQLVKHG VDPSOH LV UHGXFHG DQG WKH GLDPHWHU LV LQFUHDVHG 7KH LQFUHDVHV LQ
GLDPHWHU DW WKH WRS ERWWRP DQG PLGGOH ]RQH DV ZHOO DV WKH UHGXFWLRQ LQ KHLJKW RI YDULRXV VDPSOHV KDYH EHHQ
LQGLFDWHG LQ WDEOH  7KH UDWLRV RI GLDPHWHU RI EXOJH WR LQLWLDO ELOOHW GLDPHWHU KDYH DOVR EHHQ VKRZQ 7KH
FRUUHVSRQGLQJJUDSKVDUHVKRZQLQILJXUH
7DEOH+HLJKWGLDPHWHU DQGUDWLRRIEXOJHWRLQLWLDOGLDPHWHURIGHIRUPHGVDPSOHVDJDLQVWGLIIHUHQWORDG
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FXUYHVVKRZDVWURQJFRUUHODWLRQFRHIILFLHQWRI
,W KDV EHHQ REVHUYHG IURP WKH H[SHULPHQWV WKDW EXFNOLQJ LQVWHDG RI EXOJLQJ RFFXUV ZLWK LQFUHDVHG ORDG IRU
F\OLQGULFDOVSHFLPHQZLWKDVSHFWUDWLRµ¶6SHFLPHQEXOJHVODWHURQLQWZRSODFHV7KLVREVHUYDWLRQLVLQOLQHZLWK
WKHREVHUYDWLRQRI :HURĔVNL HWDO$VWKHSUHVHQWSDSHUUHVHDUFKHVRQWKHEXOJLQJRUEDUUHOLQJDWODUJHKHQFH
IXUWKHUH[SHULPHQWVKDYHQRWEHHQFRQGXFWHG ZLWKVDPSOHVRIDVSHFW UDWLRRI µ¶)LJXUH LQGLFDWHVEXFNOLQJDQG
RWKHUXSVHWVSHFLPHQ
,QWDEOHWKHUHGXFWLRQLQKHLJKWDQGFRUUHVSRQGLQJLQFUHDVHLQGLDPHWHUKDVEHHQVKRZQIRUGLIIHUHQW
DVSHFWUDWLRDQGXQGHUGLIIHUHQWORDG$VSHFW UDWLRµ¶KDVQRWEHHQFRQVLGHUHGGXHWRWKHIDFWDVVWDWHGHDUOLHU7KH
JUDSKVRIWKHWDEXODWHGGDWDKDYHEHHQVKRZQLQILJXUHDWRG7KHFRPSDUDWLYHFKDUWVDUHVKRZQLQILJXUHIRU
EHWWHU XQGHUVWDQGLQJ DQG LQWHUSUHWDWLRQ ,W KDV EHHQ UHYHDOHG IURP WKH ILJXUHV WKDW ODWHUDO VSUHDG LVPLQLPXP DOO
DORQJLQFDVHRIVDPSOHVZLWKDVSHFWUDWLRRI7KHKHLJKWUHGXFWLRQLVRQO\DJDLQVWDORDGRI7ZKHUH
DVRIKHLJKWUHGXFWLRQKDVEHHQDFKLHYHGIRUVDPSOHZLWKDVSHFWUDWLRRIDJDLQVWWKHVDPHORDGWKDWLV
7+RZHYHUWKHODWHUDOVSUHDGLVPD[LPXPDOODORQJ8SWRDSSUR[LPDWHO\UHGXFWLRQRIKHLJKWJLYHVVDPH
SHUFHQWDJH LQFUHDVH LQ GLDPHWHU IRU DOO VDPSOHVZLWK DVSHFW UDWLRV RI   DQG $IWHU WKLV YDOXH ODWHUDO VSUHDG
LQFUHDVHVIRUDOOWKHVDPSOHVZLWKDVSHFWUDWLRVRIDQGZLWKJUDGXDOO\LQFUHDVLQJORDG$JDLQODWHUDOVSUHDGLQ
WKLVUHJLRQLVPRUHZLWKKLJKHUDVSHFWUDWLRYDOXH$OOWKHFXUYHVVKRZDJUDGXDOO\LQFUHDVLQJVWUDLJKWOLQHWUHQGZLWK
FRPPHQGDEOHDPRXQWRIFRUUHODWLRQFRHIILFLHQW7KHFRUUHODWLRQFRHIILFLHQWLVKLJKHVWLQFDVHRIDVSHFWUDWLRZLWK
DYDOXHRI$OORWKHUFXUYHVVKRZDFRUUHODWLRQFRHIILFLHQWRIPRUHWKDQ
7DEOH$VSHFWUDWLRZLVHUHGXFWLRQRIKHLJKWDQGLQFUHDVHLQGLDPHWHUDJDLQVWGLIIHUHQWORDGV7
$VSHFWUDWLR5HGXFWLRQRIKHLJKW,QFUHDVHLQGLDPHWHU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UDWLRRIDSSUR[LPDWHO\%DUUHOOLQJUDGLXV XSWRWKLVOLPLWLVDJDLQPXFKKLJKHUIRUVSHFLPHQZLWKKLJKHU
DVSHFWUDWLRPD[LPXPIRUDVSHFWUDWLR +RZHYHUDIWHUDQGXSWRWKHUDGLXVUHPDLQVDOPRVWWKH
VDPHIRUDOOVSHFLPHQVZLWKGLIIHUHQWDVSHFWUDWLR9DULDWLRQLIDQ\LVDOVRQRWWRRGLVWLQFW
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